Letters to the Editor will be published, if suitable, and as space permits. They should not exceed 1,000 words (typed double spaced) in length, and may be subject to editing or abridgment.
It is now well-established that the left ventricular (LV) diastolic pressure-volume curve is shifted upward during pacing-induced angina. Based on comparative measurements of LV diastolic pressure-dimension relations with and without the pericardium, we have suggested that the observed shifts in the pressure-volume curve are due to changes in right ventricular (RV) and pericardial pressures.1 I In a recent paper, Mann et al. 4 
measured pressures in
both ventricles and noted that the increase in LV end-diastolic pressure in patients paced to angina was greater than the increase in RV end-diastolic pressure. They concluded that these observations preclude an important role for the pericardium.
We suggest that this conclusion derives from an undue emphasis on end-diastolic pressure to the exclusion of the rest of diastole. In their figure 1, RV mid-diastolic pressure increases about 3 mm Hg, while LV mid-diastolic pressure increases about 4 mm Hg. As we have already pointed out,2 the greater increase in LV diastolic pressure is due to the fact that the left ventricle is thicker than the right ventricle. These changes in pre a-wave diastolic pressure are consistent with an increase in pericardial pressure. But how can LV end-diastolic pressure increase so much more than pericardial pressure? The relationship of a change in pericardial pressure to a change in the height of the a wave is apparent when left atrial pressure is considered directly. It should not be surprising to find a greater increase in peak left atrial pressure than the increase in pericardial pressure, since left atrial contraction is an active process that causes a pressure gradient across the atrial wall. Further, although the left ventricle is still in diastole during atrial contraction, the works of Rankin et al. 5 and of others6 suggest that viscoelastic effects may produce pressures well above the passive elastic diastolic pressure-volume curve.
Mann et al.4 report that the change in RV end-diastolic pressure was "not significant." This is misleading, since their data (which they analyzed with a two-tailed t test) gave a p value of 0.051. Furthermore, since the question they asked was whether RV pressure increased during angina, they might more properly have used a one-tailed test. Then they would have reported a significant increase in RV pressure (p = 0.026).
Regardless of whether RV end-diastolic pressure increased or not their most important observation is that LV end-diastolic pressure increases more than RV end-diastolic pressure and, presumably, more than pericardial pressure. LV end-diastolic pressure may change more than pericardial pressure because atrial contraction is active and the ventricular myocardium has significant viscous properties. The mechanisms of the variable a wave bear further investigation but are, to a degree, separable from those mechanisms which shift the passive LV diastolic pressure-volume relation. It seems reasonable to conclude that parallel upward shifts in the diastolic portion of pressure-volume loops (e.g., fig. 4 The authors reply: To the Editor: We thank Drs. Tyberg, Misbach and Glantz for their interest in our study. We are familiar with their previous work concerning the influence of right ventricular (RV) and pericardial pressure on the left ventricular (LV) diastolic pressure-volume relationship, and we agree that these influences are important during acute alterations in afterload and preload. However, we feel that the results of our study, as well as the findings of others, do not support the participation of such a mechanism in the shift in LV pressure-volume relations during pacing-induced angina pectoris.
First, we disagree with Drs. Tyberg, Misbach and Glantz concerning the findings in figure 1 . The rise in LV mid-diastolic pressure is clearly greater than the rise in RV mid-diastolic pressure; these pressures are clearly separated during angina, while they are nearly equal in the control state. Thus, it is not only enddiastolic pressure, but also early and mid-diastolic pressure in the left ventricle that increase with angina. Given the interdependence of the ventricles, why couldn't the rise in RV diastolic pressure result from the increased LV diastolic pressure? We previously showed that there is a small but significant increase in LV volumes with angina, and this could set the stage for the rise in RV diastolic pressure in some patients in our study. Second, the RV middiastolic and end-diastolic pressure actually declined in some patients (patients 16 and 21), while LV midand end-diastolic pressures rose substantially. Third, since some concern has been expressed concerning our statistical treatment of the data, we have consulted a statistician who suggested that we use the Wilcoxon test for paired samples, since in a situation where the data are not normally distributed and the sample is small, a t test is more likely than the Wilcoxon to show spurious differences (the t test has a greater alpha error). Using the Wilcoxon test, there was no significant difference in RV diastolic pressure before and after pacing.
Fourth, while we certainly agree that the mechanism of this altered diastolic distensibility needs further study, a substantial body of evidence favors a role for residual diastolic interaction between contractile elements in the ischemic heart. This may be due to a combination of incomplete or impaired relaxation,' altered diastolic tone,9'-" tension prolongation during recovery from hypoxia,15-17 and even partial ischemic contracture of some myofibrils within the distribution of the stenotic or occluded coronary arteries.'31', 18-21 VOL 60, No 2, AUGUST 1979 Incomplete or impaired myocardial relaxation has been clearly shown to occur in response to hypoxia in isolated cardiac muscle.' Previous studies under hypothermic conditions failed to detect this phenomenon, emphasizing the importance of physiologic temperature in experimental studies of ischemia. In the intact heart, depressed values for LV relaxation rate (peak negative dp/dt) have been observed in experimental models of ischemia,4' 1 22 as well as in patients with coronary artery disease during acute transient ischemia.3 ' 7 Whether this depression in the rate of isovolumic relaxation influences mid and late diastolic distensibility is uncertain. Analysis of the LV diastolic pressure-time relation after peak negative dp/dt permits the calculation of a time constant (T) of relaxation.23 Ischemia in the human heart is associated with prolongation of T,3' 24 and some recent studies suggest that impaired relaxation of the ischemic left ventricle (as evidence by decreased rates of wall thinning in ischemic regions) is present well into the left ventricular filling phase."' Altered diastolic tone has been postulated to occur in the human left ventricle during the transient ischemia of angina pectoris.? The concept of diastolic tone implies a steady state level of diastolic interaction between contractile elements. According to this notion, the contractile element of cardiac muscle is not freely extensible at rest, as is the case for skeletal muscle, but has some degree of constant "tonic' activity, as is seen in vascular smooth muscle. Support for the concept of tone comes from the studies of Hoffman and co-workers11 12 in isolated cardiac muscle studied at 37°C. In addition, Little and Wead studied the diastolic length-tension relations of rabbit papillary muscle in both active and quiescent states and concluded that "it appears likely that some residual cross bridges within the contractile units may remain even though the muscle appears to relax following contraction."26 Tension prolongation during recovery from hypoxia may play a role in the altered diastolic distensibility seen during angina, since in some of the reported studies a shift in diastolic pressure-volume curves measurements were made after the discontinuation of pacing tachycardia.9' 7-2 However, Dwyer29 and McLaurin and coworkers' have observed increased LV pressure relative to volume during pacing tachycardia in patients with ischemic heart disease, indicating that the post-hypoxia tension prolongation cannot by itself account for the shift in the diastolic pressure-volume curve with angina. Partial ischemic contracture of some myofibrils within the distribution of stenotic or occluded coronary arteries should also be considered as possibly contributing to the altered LV distensibility during angina pectoris. In its extreme form, ischemic contracture can lead to the so-called "stone heart."30 31 As Katz has pointed out,1" this condition is essentially irreversible and is usually associated with ultrastructural changes consisting of hypercontracted myofibrils with myofibrillar rhexis and myocytolysis. This type of irreversible ischemic contracture is associated with severe ATP depletion, and may be related to the superprecipitation of actomyosin in low concentrations of ATP.32 However, it has now been clearly shown that the extent and reversibility of ischemic contracture depend on experimental conditions. Greene and Weisfeldt studied the determinants of hypoxic contracture and demonstrated that contracture can be "dynamic, reversible, and modified by factors which affect intracellular calcium availability."20 In support of this view are recent studies by Henry et al.9 in the ischemic rabbit heart. These investigators found a marked rise in LV diastolic pressure relative to volume during ischemia, but could completely prevent this rise by treatment with nifedipine, an antagonist of myocardial calcium uptake. The importance of calcium availability as a modifier of the effects of ischemia on myocardial resting tension 6 20 21, ioswhc has been shown by several groups.
Other conditions which may influence the extent and reversibility of ischemic contracture include availability of glycogen stores, accumulation of lactate, and functional status of glycolytic pathways.19 33 Apstein and co-workers19 have recently shown that under conditions of glycolytic blockade, very brief periods of ischemia (<I minute) can produce striking increases in LV diastolic pressure relative to volume. This is particularly interesting in view of studies indicating chronic alterations in human myocardial metabolic pathways in patient with coronary artery disease.34
Thus, there is a large body of evidence to support the concept tha myocardial ischemia can lead to increased myocardial resting ten sion and elevated LV diastolic pressure relative to volume, although the specific mechanisms involved are uncertain. As a unifying hypothesis35 it is possible that the ischemic myocardium is confronted with both increased intracellular calcium (entering from the extracellular space and not being effectively extruded) and decreased ATP availability to sarcoplasmic reticulum6 that ordinarily brings about relaxation by sequestering intracellular calcium during diastole. The impaired relaxation might not by itself result in increased diastolic contractile force without the concomitant pressure of excess calcium entry: When the Ca. entry is blocked,2" the rise in diastolic pressure does not occur. The result of both mechanisms would be an increase in steady-state diastolic interaction of contractile elements, manifest as an increase in LV diastolic pressure relative to volume.
Much further work needs to be done on this most intriguing subject.
WILLIAM GROSSMAN, M.D.
14. Chitwood WR Jr, Hill RC, Sink JD, Cox JL, Wechsler AS: Early changes in regional and global left ventricular function induced by graded reductions in regional coronary perfusion. In his demonstration of international statistics, the author attempts to correlate consumption of saturated fats and mortality from coronary heart disease (CHD). His recommended changes in the quantity and quality of dietary fats are based on a mental hospital study in Finland, where total replacement of dairy fats by vegetable oils in the diet was followed by a substantial reduction in CHD mortality of men. The validity and significance of this study have been doubted.' Scrutiny of the figures in this article does not bear out the author's contention that fats derived from dairy products are causally associated with CHD mortality. He has not explained why the 25-g dairy fat consumption of United States men, aged 35 to 64 years, is associated with CHD mortality of approximately 400 per 100,000 whereas a similar population in France and Switzerland consumes close to 40 g of dairy fat, with a subsequent CHD mortality experience of less than 150 per 100,000, his regression line notwithstanding.
Following the jujitsu principle of using an opponent's strength to prove your own point of view, I submit a different analysis of the data presented by Turpeinen. In 1971, 1 published a correlation of CHD mortalities based on the presence of biologically available xanthine oxidase in homogenized, pasteurized cow's milk. The biological availability of xanthine oxidase is artificially created by the homogenization process, causing the enzyme to be entrapped in liposomes. These liposomes can be persorbed and transported via the white blood cells in humans. We have demonstrated that xanthine oxidase is targeted into the vessel wall and the myocardium, constituting an initiation of the atherosclerotic process. These observations are based not on epidemiological studies, but on reproducible experimental findings.3' Wherever milk is ultra-pasteurized, as in Switzerland, France and Japan, or customarily boiled before consumption, as in most Mediterranean countries, the xanthine oxidase is inactivated and the CHD mortality is low. Wherever milk is homogenized and, particularly, when consumed in large amounts in youth -Finland, United States, New Zealand, Australia, United Kingdom, and Canadathe CHD mortality rate is high.
Instead of changing the quantity and quality of dietary fats, we recommend only the removal of biologically available xanthine oxidase from milk. Homogenized cow's milk is the only commonly consumed food which contains an enzyme entrapped in liposomes. A simple and easily performed technology should reduce the high CHD mortality of the United States and Finalnd to a rate closer to that of France, Switzerland and Japan. A routine test for antibodies against bovine milk xanthine oxidase in human blood serum could screen the population which has been exposed to this enzyme.
A treatment for the atherosclerotic lesion initiated by ectopically deposited xanthine oxidase is provided by pharmacological doses of folic acid (80 mg/day). This well-known xanthine oxidase inhibitor has been used successfully for the treatment of atherosclerotic manifestations in humans for the last 8½/2 years.
KURT A. OSTER, M.D. Park City Hospital Bridgeport, Connecticut
